daar"' . . . 3 \/ ’««,% 3
. = DEPARTMENT OF THE NAVY T
| U. S. NAVAL AMMUNITION DEPOT .- ‘ - ‘:
| CRANE., INDIANA 473522 N REPLY#_ FER TO:
i QEWE-DER: be
‘ - 8900

From: Commanding Officer, U. 3. Naval Ammunition Depot, Crane, Indiana
To: National Acronautics and Space Adminis<raticn, Goddard Space
¢rter, Electrochemical Power Sources 3scticn (716.2),

Space Power Technology Branch, Greenbelt, Maryiani 20771

e Subj: Monthly Progress Report on National Aeronautics and Space
Administration Space Cell Test Program; submissicn of

Encl: (1) Monthly Progress Report as of 31 August 1966 (3 copies)

© 1. The progress report for Goadard Space Flight Center purchase order
5-23404-C on the space cell test program is submitied as enclosure (1).

E. R. PETTEBONE

, L C. M. AUSTIN , .,
‘ By direction oy
Copy to: - - , S : ‘

NASA (Mr. Ernst M. Cohn, RNW), Washington, D. C. 20546 - o R

NASA (Mr. Emil Hymowitz, 672), Greenbelt, Maryland 20771 g

B o NASA, Scientific and Tethnical Information Facility (NASA REP RQT-20238), -

Bethesda, Maryland 2001k

B i iotter o o i PR

GPO PRICE S

CFST! PRICE(S) $

Hard copy (HC) 5
V Xad

Microfiche (MF)

f£ 853 July 85

N66 39957 B

(ACCESSION NUMBER)

155 "

(07757 — o=

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)

FACILITY FORM 802




1. Burgess-Borden Cells:

a. These 10 ampere-hour silver-zinc cells are being tested for
separator quality and performance at room temperature under the following
conditions.

(1) Pack 8: Pudo Separator Material, Cells Number 1 - 10.

(a) These cells are discharged individually at the c/S rate
(i.e. 2 amps) to a terminal voltage of 1.3 volts per cell. Following a
stand of 8 to 12 hours in the discharged state, the cells are then charged
at a constant potential of 1.97 volts per cell for 30 hours. The power
supply for this charge i1s current limited at 0.50C amperes. Upon comple-
tion of a 2-hour stand in the charged condition, this cycle 1s repeated.

1. Cells Still Cycling: 5
2. Cycles Completed: 195

(2) Pack 9: Pudo Separator Material, Cells Number 11 - 15 and
C-3 Separator Material, Cells Number 11 - 15.

(a) These cells are discharged individually at the c¢/5 rate to
a terminal voltage of 1.3 volts per cell. Following a stand of 6 to 8
hours in the discharged state, the cells are then charged at the c/20
rate to give each individusl cell an input of 120 percent of 1its previous
discharge. Upon completion of & 30-day stand in the charged condition,
this cycle is repeated.

1. Pudo Cells Still Cyeling: 2
2. C/3 Cells Still Cycling: 4
3. Cycles Completed: 12

(3) Pack 16: C-3 Separator Material, Cells Number 36 - 40 and
9107/12, Cells Number 1 - 5.

(a) The cells are discharged individually at the c¢/5 rate to
& terminal voltage of 1.3 volts per cell. Following a2 stand of 6 to 8
hours in the discharged state, the cells are then charged at the c/20
rate to give each individual cell an input of 120 percent of its previous
discharge. Upon completion of a 30-day stand in the charged conditionm,
this cycle 48 repeated. The electrolyte in these cells 1s a 30 percent
KOH solution.

1. C/3 Cells Cycling: 5
2. 9107/12 Cells Still Cycling: 3
. Cyeles Completed: 6

L)
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(4) Pack 17: C-3 Separator Material, Cells Number 41 - L5,

i {a) The cells are discharged individually at the ¢/5 rate to

! 8 terminal voltage of 1.3 volts per cell. Following a stand of 6 to 8
hours in the discharged state, the cells are then charged at the c/20
rate to give each individual cell an input of 12C percent of its previous
discharge. Upon completion of a 30-day stand in the charged condition,
this cycle is repeated. The electrolyte in these cells 1s a 40 percent
KOH solutionm.

1l. Cells Cycling: 5

i
|
|
|
|
|

2. Cycles Completed: 6

—

(5) Pack 18: 9107/5, Cells Number 1 - 5 and B, 3, Cells Number 1 - 5.

(a) The cells are discharged individually at the ¢/5 rate to
& terminal voltage of 1.3 volts per cell. PFollowing a stand of 6 to 8
hours 1n the discharged state, the cells are then charged at a constant
potential of 2.05 volts per cell for 30 hours with the power supply
current limited at 500 milliemperes. Upon completion of a 2-hour stand in
the charged condition, this cycle is repeated.

. 9107/5 Cells Still Cyeling: 1

[

fro

. B/3 Cells Still Cyecling: 1

3. Cycles Completed: 81

(6) Pack 19: C-3 Separator Materisl, Cells Number 46 - 50.
(a) The cells are discharged individually at the ¢/5 rate to

a terminal voltage of 1.3 volts per cell. Following a stand of 6 to 8
hours in the discharged state, the cells are then charged at a constant
potential of 2.05 volts per cell for 30 hours with the power supply current
limited at 500 milliamperes. Upon completion of a 2-hour stand in the
charged condition, this cycle is repeated.

1. Cells Cycling: 5

2. Cycles Completed: 81
2. Yardney 13XYS1l (13 Cell Pack):

8. This is a test of Yardney, silver-cadmium, 11 ampere-hour cells.
The cycles consist of l-hour discharges at 3.6 amperes followed by recharges
at 1 ampere to 1.50 volts per cell average.

(1) Cell No. 1 fuiled on cycle 297
(2) Cells Cycling: 12

(3) Cycles Completed: Lko
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3. Yardney-G.E. Auxiliary Electrodes, 12 Ampere-hour, Pack of 8 Zells:

a. The plates for these cells were made by the Yardney Electric
Corporation and the auxiliary electrodes were made by the General Electric
Company. These cells have completed 100 cycles at each of three tempera-
tures; 0° C, 25° C and L0° C; consisting of discharges for 1 hour at 5.2
smperes followed by constant potentiasl charges to 1.51 volts per cell

average with current limited to 0.5 amperes. The same cycling program
is continuing at 25° C.

(1) Cells Cycling: 8
(2) Cycles Completed: 515
4. Sonotone, 3.5 Ampere-hour, Nickel-Cadmium Cells:

a. Overcharge Test, One Pack of 10 Cells. These cells are being
charged at 35 milliamperes for 1 year, with cell voltages read once a
week.

(1) Cells on Test: 10
(2) ™Mme on Charge: 5 Months

b. Open Circuit Stand Test, One Pack of 10 Cells. These cells were
charged at 350 milliamperes for 16 hours. They are now on open circuit
stand for 1 year with cell voltages read once a week.

(1) Cells on Test: 10
(2) Tme on Open Circuit Stand: 5 Moaths

5. TImp 18:

a. This test is in a stend by condition awaiting further instructions.

(1) Cycles Completed: 1340
6. TImp 19:

a. In this test we are simulating the operation of the Imp satellite
(Explarer XXVIII) battery. The simulating test is running approximately
60 days behind the launch of the satellite. The battery is in a vacuum
chamber at approximately 25 microns. The charging current variles
sinusoidally to simulate the satellite's rotation of 0.75 c.p.s. The test
is conducted with test parameters received periodically from the project
office. The parameters include charge and discharge time, charge rate,
and temperature. Instrumentation provides a low {discharge) voltage
cutoff of 12 volts which simulates lock out on the satellite. Charge
control is provided by means of a two step regulator which provides
better cell balance by lowering the voltage 1imit when the battery is
fully charged and is in the float charge mode.

2



(1) Cycles Completed: 374 Days as of 1 September 1966.
7. ESB 5XESB #1, S1lver-Cadmium, Auxiliary Flectrode:

a. These 8 ampere-hour, auxiliary cells with bellows have completed
the preliminary tests and have started automatic cycling. Their performance
will be reporied in the large monthly cycling report put out by this activity.

8. French FR #1:

8. These 3.0 ampere-hour, silver-cadmium cells have completed their
conditioning cycling and will be started on automatic cyecling in the
very near future. Their performance will be reported in the large manthly
eycling report put out by this activity.

9. AIMP 06:
a. These 11.0 ampere-hour, silver-cedmium cells have completed their
preliminary conditioning tests. The first set of tompersture datas has been

received, and cyecling has been started.
10. Cells to be tested during next few months:
8., Silver-Zinc Cells:

(1) Type 1. XYegatives contain 5% teflon as a binder and a surfactant -
emulphogone BC 840 Separator - Cellophane Cl9.

(2) Type 2. Negatives contain 5% teflon as a binder, Separator -
Cellophane C19.

(3) Type 3. Negatives contain 0.5% CMC, Separator 2.2xH (RAI Material)
Series 1 and 2.

b. Several types of Yardney AgCd cells froam Contract NAS5-9106 with
Pellon/cellophane separation system and teflonated (1%) negatives.

c. Additional silver-cadmiuwn cells with electrodes from G. E. and
Gulton.

d. Sealed silver-zinc celle from Delco and Yardney.

e. 100 additional cells of the Borden/Burgess type. These cells will
be tested similarly to the tests described under paragraph 1. above.

f. Cells fram Leesonz Moos, Comtract NASS5-9591, Tmprovements of the
Zine Electrode.

- e

11. Reporting on these programs will be done by either this activity or
Goddard Spece Flight Center.




MONTHLY PROGRESS REPORT THROUGH 31 ATGUST 1966
LIFE CYCLE TESTS
TOTAL NUMBER OF PACKS IN PROGRAM: 172
SECTIOR I

1. Status of original Cycling Program: The cycling program has included
cells from the following manufacturers; General Electric Company (G.E.),
Gould-National Batteries, Inc. (Gould), Sonotone Corporation (Sonotone),
and Gulton Industries, Inc. (Gulton).
TOTAL NUMBER OF PACKS IN ORIGINAL PROGRAM: 84

Total Number of Packs Cells Failed¥

Cycled Since Last Total

To Date Cycling Failed Report To Date

NICKEL-CADMIUM (10-cell rpacks)

G.E. 3.0 a.h. 12 5 T 1 46
Gould 3.5 a.h. i2 3 9 1 63
Sonotone 5.0 a.h. 12 5 T 0 48 -
Gulton 6.0 a.h. 12 2 10 9 69
TOTAL 48 15 33 o 226
NICKEL-CAIMIUM (5-cell packs)
G.E. 12 a.h. 12 6 6 0 18
Gulton 20 a.h. 12 2 10 0 35
Gould 20 a.h. 12 3 9 0 27
TOTAL 36 11 25 0 80

*¥A11l failure analysis results are cumulative. Total pack failures are
shown on pages 11 through 38; partial pack failure: on pages -C through 47.

2. Test Parameters:

a. General Cycling Program:
(1) Ambient Temperature:

(a) 0° c.
(o)

(e) 4o°

o
50 C.

o

]

(2) Voltage limitz per pack on charge:

)

(a) 1.5% ¢ 0.03 volts per ceil at 0° C.

—
o’

-
-
=

NG
i+
(9]
[}

.03 volts per cell at 25° C.

Enelcsure (1)
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(c) 1.45 + 0.03 volts per cell at 40° C.
(3) Depth of Discharge:
(a) 90-minute and 3-hour orbits:
1. 15 percent and 25 percent at 0° C.
2. 25 percent and 40 percent at 25° C.
3. 15 percent and 25 percent at 40° C.
(4) Orbit Time:
(a) 90 minutes--30-minute discharge and 60-minute charge.

(v) 3 hours-~30-minute discharge and 150-minute charge.

a. Before cycling, each pack was given a capacity test at its respec-
tive cycling temperature. This check consisted on a c¢/10 charge for 16
hours followed by a c/2 discharge to 1.0 volt per cell average. After
each 88 days of cycling, each pack was discharged immediately after the
end of the regular cycle charge period, at the c/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c/lO rate for 1€ hours
and discharged at the c¢/2 rate to 1.0 volt per cell average. The pack was
then recharged at the ¢/10 rate for 48 hours, voltage limited to the cycle
limits. Data of capacity tests is tabulated on pages 61 through 65.

4. Data:

2. Under normal operatiocn, complete data is scheduled to be recorded
every 32 cycles on the 90-minute and 3-hour packs.

b. The attached data sheets give end of discharge and end cof charge
voltage readings for each cell on each cycle recorded.



SECTION 1I
1. Status of additions to Cycling Program: The cycling program has included
! cells from the following manufacturers; General Electric Company (G.E.),
1. Sonotone Corporation (Scrotone), Yardney Electric Corporation (Yardney),
Gulton Industries, Inc. (Gulton) and Delco-Remy (Delco).

TOTAL NUMBER OF PACKS ADDED TO THE PROGRAM: 89

Total Number of Packs Cells Failed*
- Cycled Since Last  Total
To Date Cycling Failed Report To Date

NICKEL-CADMIUM (10-cell packs)
Gulton 3.6 a.h. SHERFEY
Gulton 3.6 a.h. COULOMETE

TOTAL :

-
O
O
FOo

\O -

NICKEL-CATMIUM (5-cell packs)

; G.E. 5.0 a.h. NIMRUS

: G.E. 12 a.h.
G.E. 12 a.h. 3rd Electrode
G.E. & Gulton 6.0 a.h. COUL
Sonotone 3.0 a.h.
Sonotone 5.0 a.h. COULOMETER
Sonotone 5.0 a.h. STABISTOR
Gulton 1.25 a.h.
Gulton 4.0 a.h. COMMERCIAL
Gulton 5.0 a.h. NIMBUS
Gulton 5.6 a.h. FOLDED SEAL
Gulton 5.6 a.h. NONFOLDED SEAL
Gulton 6.0 a.h.
Gulton 6.0 a.h. HSI
Gulton 6.0 a.h. 3rd Electrode
Gulton 12 a.h.
Gulton 50 a.h.

TOTAL
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SILVER-CADMIUM (10-cell packs)
Yardney 12 a.h.
TOTAL

[N e
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n N
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SILVER-CADMIUM (5-cell packs)
Yardney 5.0 a.h. 6 2
Yardney 12 a.h. 3 2
4

- &
O oW
A

analysis results are cumulative. Pack failures are shown on
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Total Number of Packs

Cycled
To Date Cycling Failed

SILVER-ZINC (10-cell packs)
Yardney 12 a.h.
Delco 25 a.h.

TOTAL

Vg

SILVER-ZINC (5-cell packs)
Delco 25 a.h. A
Delco 40 a.h. 1
TOTAL 5

*¥All failure analysis results are cumlative.

pages 48 through 60.

2. Test Parameters:

[oNeoNe

0
0
0

(SR

Cells Failed¥®

Since last
Report

o NoNe)

O

Total
To Date

O\

11

13

Pack failures are shown on

8. General Nickel-Cadmium Cycling Program:

(1) Ambient Temperature:
(a) o‘i c.
(v) 25° c.
(c) bo° c.

(2) Voltage limits per pack on charge:
(a) 1.55 + 0.03 volts per cell at

(b) 1.49 + 0.03 volts per cell at

(c¢) 1.43

T4

(3) Depth of Discharge:

0.03 volts per cell at

(a) 90-minute and 3-hour orbits:

0° C.
25° C.

4o° C.

1. 15 percent and 25 percent at 0° C.

=

2. 2° percent and 40 percent at 25° C.

o

(b) 24-hour orbits:

1% prercent and 25 percent

at 40° C.

1. 50 percent at 25° C and 40° C.




(%) orbit Times:
(a) 90 minutes--30-minute discharge and 60-minute charge.
(v) 3 hours--30-minute discharge and 150-minute charge.
(c) 24 nours--l1-hour discharge and 23-hour charge.

b. Nimbus Packs:

(1) Ambient Temperature:
(a) 0° C.
(v) 25° c.
(¢) bo° c.

(2) Voltage limit per pack on charge: 1.49 * 0.03 volts per cell
at each tempersature.

(3) Depth of Discharge:
(2) 15 percent and 25 percent at 0° C.
(v) 25 percent and 40 percent at 25° C.
(¢) 15 percent and 25 percent at 40° C.
(4) Orbit Time: 90-minutes--30-minute discharge and 60-minute charge.
c. Third Electrode Packs (Gulton):
(1) Ambient Temperatures:
(a) 0° C.
(v) 25° c.
(c) 4o° c.

(2) Voltage limits per pack on charge: None. Limit is controlled by
the third electrode voltage:

(a) 150 millivolts at 0° C.

(v} 300 millivolts at 25° C.
(¢) 300 millivolts at 40° C



(3) Depth of Discharge:
(a) 25 percent and 4O percent at 0° C.
f (v) 25 percent and 40 percent at 25° C.
; (¢) 15 percent and 25 percent at 40° C.
(4) Orvit Time: 90 minutes--30-minute discharge and 60-minute charge.
d. Third Electrode Packs (General Electric):

(1) Ambient Temperatures:

e e e i o e S TR T

(a) 0° C.
(v) 25° c.
; () ko c.

(2) Voltage limit per pack on charge: Nome. Limit is controlled
by the third electrode voltage; 40O millivolts at all temperatures.

(3) Depth of Discharge:
(a) 25 percent and 40 percent at 0° C.
(v) 25 percent and 4O percent at 25° C.
(¢) 15 percent and 25 percent at 40° C.
(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
e. Stabistor Packs:
(1) Ambient Temperatures:
(a) -20° C.
(v) ©° cC.
(c) 25° c.
(a) u2° o,

(2) Voltage limits per pack on charge: None. Stiabistor controls

cell voliage.
(3) Depth of Discharge:
(a) 25 percent and 4O percent at -20° C.

(b) 25 pervent ani 40 percent at 0° C.

[ax\




(¢) 25 percent and 40 percent at 25° C.

(a) 15 percent and 25 percent at 40° C.

i (4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
f. Coulometer Packs:

t (1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: Nome. Coulometer controls
cell voltage.

(3) Depth of Discharge:

? (a) 30 percent for 5 cells (Sonotone 5 a.h.)--Coulometer built
by Goddard Space Flight Center.

- ~

. . - . v v o - s s -
{v) 40 percent--coulometer built by G.E. {replaced by Guiton coul.)
1. 10 cells (Gulton 3.6 a.h.)

2. 11 cells (€ Sulton 6.0 a.h. and 5 3.E. 6.0 a.h.)

—

(4) Orbit Time: 90 minutes--30-minute discharge and 60-minute charge.
g. Sherfey Cycling Packs:
(1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: None. Pack cycled in the
partially discharged state.

(3) Depth of Discharge: UO percent at 25° C.
(4) Orvit Time: 90 minutes--30-minute discharge and 60-minute charge.
(5) Cell Type: Gulton 3.6 a.h.

(6) This type of cycling starts with the cells in a completely dis-
charged condition. Each cycle consists of a charge of 60 percent of the
cell's rated capacity followed by a discharge of Lo percent of the cell's
rated capscity. Upon completion of each fifth cycle, the cells are dis-
charged through a resistor for 90 mimutes to return the cells to the
completely discharge? condition for the start of the next sequence of five
cyceles. 1In this manner, uhe cells operate below the 1 percent charged
state much cf the time thereby preventing overchargi nd buildup of
excessive gas pressure.

l.




Neoprene-Seal Packs: (Folded and Nonfolded)

(1) Ambient Temperatures:

(a) -20° C.
(v) ©o°cC.
(¢) 25 cC.
(a) ko° c.

(2) Voltage limits per pack on charge:

(@]

(2) 1.55 + 0.03 volts per cell at -20° C.

(v) 1.55 + 0.03 volts per cell at 0° C.

~

+ 0.03 volts per cell at 25° C.

=
\O

1.

S

(c
(d) 1.45 + 0.03 volts per cell at 40° C.
(3) Depth of Discharge: 25 percent at all temperature.
(4) Orbit Times: 90 minutes--30-minute discharge and 60-minute charge.
Silver-Cadmium Packs:
(1) Ambient Temperatures:

(a) 90-minute orbit:

(1) -2¢° c.
(2) o©o° c.
(3) 25° c.

(v) 2h-hour orbit:

(1) o° c.

(a) 90-minute orbit:
(1) 1.60 + 0.03 volts per cell at -20° C.
(2) 1.58 + 0.03 volts per cell at 0° C.

8



(3) 1.55 £ 0.03 volts per cell at 25° C.

(b) 24-hour orbits: 1.50 * 0.03 volts per cell at 0° C.,
25° ., and k0° C.

; (3) Depth of Discharge:
| (a) 90-minute orbit: 25 percent at all temperatures.
| (b) 24k-hour orbit:
(1) 20 percent and 50 percent at 0° C.
(2) 20 percent at 25° C.
(3) 20 percent and 50 percent at 40° C.
(4) orbit Time:
(a) 90-minute--30-minute discharge and 60-minute charge.
(b) 24k-hours--l-hour discharge and 23-hour charge.

J. ©Silver-Zinc Packs:

(1) Ambient Temperature: 25° C.

(2) Voltage limit per pack on charge: 1.97 * 0.03 volts per cell
at 25° C.

(a) 3-hour orbtit: U0 percent at 25° C.
(b) 2k-hour orbit: 25 percent and 4O percent at 25° C.
(4) Orbit Times:
| (a) 2 hours--30-minute discharge and 150 minute charge.
| (v) 24 nours--l-hour discharge and 23-hour charge.
k. Two Step Charge Regulator:
(1) Amtient Temperature: 25° C.
Voltage 1limii per pack on charge:
(2) Upper Vcliuzge Limit: 1.97 £ 0.03 volts per cell.

(v) Low Current Limit: 0.35 amps.

(c) Overcharge Voltage Limit: 1.87 + 0.03 volts per cell.



(3) Depth of Discharge: 4O percent at 25° C.
(4) Orbit Time: 2h-hour--l-hour discharge and 23-hour charge.
(5) Cell Type: Delco-Remy 25 a.h.

(6) When silver-cadmium and silver-zinc cells are put on a long
charge period with only a voltage limit, the cells begin to unbalance when
the pack goes into overcharge. A new method of charging cells of these
types was developed at Goddard Space Flight Center. The cell pack is charged
until it reaches the pack upper voltage limit. At this time, the charge
current is reduced to maintain this voltage limit. When the charge current
decreases tc 25C milliamperes, the on-charge voltage limit is then reduced
to the lower pack veltage limit which is equal to the open circuit voltage
of the cell pack. In this method, the pack receives no more charge until
there is a sufficient drop in the pack voltage to reset the pack voltage
limit tc the upper value. This method prevents the cells from becoming
unbalanced during long charge periods.

3. Capacity Tests:

a. Before cyecling, each pack was given a capacity test at its respec-
tive cycling temperature. This check consisted of a c/lO charge for 16
hours fcllowed by a 0/2 discharge to 1.0 volt per cell average. After each
88 days of cycling, each pack was discharged immediately after the
end of the regular cycle charge period, at the c/2 rate to 1.0 volt per
cell average. The pack was then recharged at the c¢/10 rate for 16 hours
and discharged at the ¢/Z rate to 1.0 volt per cell average. The pack was
then recharged at the e/lO rate for 48 hours, voltage limited to the cycle
limits. Data uf cupacity tests is tabulated on pages ©& through TL.

‘_,
%
ot
Y

&. Under normal operstion, complete data is scheduled to be recorded
I

every 32 cycles on the 90-minute and 3-hour packs. On the 24-hour packs,
compiete data 1s taken svery eight cycles.
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